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Introduction 62
Although we retain a wealth of information about any given concept, only a 63 subset of this information is relevant in a particular context (Jefferies, 2013; Schoen, 64 M A N U S C R I P T
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In summary, contemporary accounts of semantic cognition propose that a 153 dynamic interplay of conceptual knowledge with control processes supports the retrieval 154 of meaning in a manner that is tailored to the task or context (Hoffman, McClelland, & 155 Lambon Ralph, 2018; Jefferies, 2013; Lambon Ralph et al., 2016). The activation of 156 conceptual representations is thought to be modulated by recent experience and current 157 task goals (Yee & Thompson-Schill, 2016) . As a consequence, semantic control demands 158 should reflect the match between the semantic features required by a task and those that 159 are most accessible for the concept (because of recent experience or the strength of long-160 term learning). In this way, the context in which concepts are presented will strongly 161 influence controlled retrieval demands (Cf. Tulving & Thomson, 1973) . Patients with SA 162 provide clear evidence for this claim, since their semantic retrieval is highly sensitive to 163 cueing. Phonological cues result in near-perfect picture naming performance in SA (but 164 not in semantic dementia, reflecting the loss of conceptual knowledge; Jefferies, 165 Patterson, et al., 2008) . Similarly, embedding an ambiguous word in a sentence that 166 disambiguates its meaning yields a positive effect on SA patients' performance (Noonan 167 et al., 2010; e.g. "they served a delicious PUNCH at the party" vs. "the boxer landed a 168 PUNCH on the opponent"). Picture cues are effective at supporting conceptual retrieval in 169 non-verbal tasks: SA patients are better able to retrieve the specific action associated with 170 a tool when shown the typical recipient of the action (Corbett et al., 2011 ; e.g., for 171 HAMMER, a picture of a NAIL), in line with the proposal that their semantic control deficit 172 is multimodal. However, sometimes concepts have to be processed in a manner that is at 173 odds with the immediately preceding context, or the interpretation needs to change over 174 time. In these circumstances, (mis)cues actually increase semantic control demands, since 175 information that is irrelevant for the task (but potentially dominant for the concept) is 176 made more accessible. SA patients show a greater cost of both phonological miscues in 177 picture naming (Soni et al., 2009; e.g. for TIGER, the phonogical cue "L") and sentence 178 contexts that cue the irrelevant interpretation of ambiguous words (Noonan et al., 2010; 179 M A N U S C R I P T
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6 in previous investigations, to investigate the impact of visuo-spatial contexts and 184 emotional cues such as facial expressions and prosody in speech. In everyday situations, 185 patients' comprehension is likely to be supported by the environment they are in -186 including the location in which conceptual retrieval occurs, and the facial expression and 187 voice intonation of speakers. However, previous studies have not examined whether SA 188 patients rely on these kinds of cues to guide semantic retrieval. This question has become 189 pressing, given the development of telephone and online therapy and support tools, which 190 often lack this information. We used both valence cues (emotional faces and prosody) 191 and pictures of the spatial context in which items commonly occur. These cue types have 192 already been shown to be effective in episodic memory. Memory is improved when the 193 emotional context of an encoding event is reinstated at retrieval (e.g. Bower, 1981; 194 Bower & Mayer, 1989; Bower, Monteiro, & Gilligan, 1978; Eich, 1995) . Similarly, the 195 spatial context in which an event is encoded appears to be an effective retrieval cue (e.g. In three different experiments, we provided pictures of facial expressions, 200 emotional prosody sequences using nonsense syllables ("ba-ba-ba"), and spatial context 201 pictures, prior to semantic decisions in which patients were asked to match an ambiguous 202 probe word (e.g. JAM) to a semantically related target presented among distractors (e.g. 203 JAM -blanket, spoon, hospital, union). In some trials, cues were used to prime the correct 204 interpretation of the word. In other trials, the cue was designed to activate the alternative 205 meaning of the ambiguous word, which was not relevant for the task (miscue). We 206 anticipated that both cueing and miscuing effects would be greater for SA patients 207 compared to healthy controls across all tasks since (i) ventral ATL is largely undamaged 208 in SA; consequently, the hub and spoke model envisages that diverse cues will influence 209 the accessibility of conceptual information in the semantic store and (ii) damage to 210 semantic control processes makes it difficult for SA patients to retrieve knowledge in the 211 absence of external constraint, and to overcome irrelevant semantic information that is 212 
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Details of individual patients' lesions were obtained using Damasio's 252 standardized templates (Damasio, 1989) and are displayed in Table 1 . All of the patients 253 had damage within inferior frontal gyrus (IFG) (especially in pars opercularis and 254 orbitalis). The lesion extended into superior temporal gyrus (STG) and the supplementary 255 motor area (SMA) in the vast majority (9/10). Other areas that showed damage were 256 supramarginal gyrus (SMG, 8/10 patients), posterior middle temporal gyrus (pMTG; 4/10 257 patients) and dorsolateral prefrontal cortex (DLPFC; 3/10 patients). 258 M A N U S C R I P T A C C E P T E D M  15  15  2  -2  2  2  2  -2  -----1   P3  60  F  18  12  --2  1  1  2  -2  1  --2  1  2   P4  57  M  18  7  ---1  2  1  -----1  1  1   P5  71  M  18  ---2  2  2  2  -2  2  --1  1  2   P6  58  F  16  15  ----2  2  -1  1  --1  1  2   P7  65  M  16  14  --2  1  2  2  -2  ---1  1  1   P8  77  F  16  4  ----1  1  -1  1  --1  --P9  39  F  16  9  ---1  2  --2  ------P10  58  F  18  14  -1  -2  2  2  -2  -----2   259   Table 1 . Quantification of lesion: 2 = complete destruction/serious damage to cortical gray matter; 1 = partial destruction/mild damage to cortical gray matter; Anatomical abbreviations: DLPFC=dorsolateral prefrontal cortex; orbIFG=pars orbitalis in inferior frontal gyrus; triIFG = pars triangularis in inferior frontal gyrus; opIFG = pars opercularis in inferior frontal gyrus; SMA/PMC = supplementary morot area/pontine micturition center; TP = temporal pole; STG = superior temporal gyrus; MTG = middle temporal gyrus; ITG = inferior temporal; FG = fusiform gyrus; POT = posterior occipitotemporal area; AG = angular gyrus; SMG = supramarginal gyrus. Table 3 . Scores are number of correct; NT = unavailable for testing; NA = testing was not attempted because patients were non-fluent. Bold underlined numbers denote impaired scores (less than two standard deviation below mean). Cut-off scores are from healthy controls tested at the University of York (mean minus two standard deviations). Number of controls as follows: Cambridge Semantic Battery = 10; Ambiguity task, Alternative object use, Synonym with distractors = 8.
343
344 M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT
Multimodal cueing paradigms 345
Three experiments investigated the effects of cues and meaning dominance on 346 semantic judgements. Trials could be cued, miscued, or presented without a cue. The 347 probe word that followed the cue was always an ambiguous word with more than one 348 meaning. In half of the trials, the dominant meaning of the word was probed (e.g. BANK-349 MONEY), while the remaining trials referred to the subordinate meaning (e.g. BANK-350 RIVER). Given the multimodal nature of semantic cognition, we investigated whether both 351 modality (for visual vs. auditory emotional cues) and informational content (visuo-spatial 352 vs. emotional) would prime concepts in a similar way. We addressed this question in 353 three separate experiments. In the first, we used facial emotional expressions as cues and 354 miscues -these were consistent or inconsistent with the valence of the ambiguous word 355 that was relevant in the subsequent semantic decision. In the second experiment, we used 356 prosody within short 'ba-ba-ba' sequences spoken in different emotional tones (e.g., 357
happy or sad voices), which were again consistent or inconsistent with the valence of 358 task-relevant interpretations of the ambiguous words. Finally, in the third experiment, we 359 provided participants with photographs of visuo-spatial scenes: these either cued the 360 relevant interpretation or miscued the irrelevant interpretation of the ambiguous words. 361
The materials and experimental procedure were similar across the three experiments. A 362 thorough description of the methods is provided only for Experiment 1, while for 363 Experiments 2 and 3 we highlight any differences with the original protocol. 364 365
Experiment 1. Facial emotional expressions 366
Materials 367
Forty-three ambiguous probe words were selected using published word norms. 368
Thirty-four were selected from the University of Alberta norms of relative meaning 369 frequency (Twilley, Dixon, Taylor, & Clark, 1994) . In half of the trials, the probe was 370 used in its dominant meaning, while in the remaining trials the subordinate meaning of 371 the word had to be retrieved. For five additional words, only the dominant meaning was 372 listed; the subordinate meaning was presumed to be rarer. Four remaining words were 373 assigned to the dominant/subordinate conditions using Edinburgh Associative Thesaurus angry, sad, contemptuous, disgusted, neutral, fearful, surprised. These were supplemented 390 with images of more nuanced emotional expressions (see Figure 2) . These images only 391 included the face and shoulders on a neutral background. Participants saw each probe 392 word 6 times, once in each combination of cue-condition/meaning dominance (see Figure  393 2). Target words also appeared as distracters on a different trial. After the experiment, we 394 asked control subjects to judge the valence of these words (e.g. "do they leave you with 395 either good or bad feelings?") on a scale from 0 (not at all) to 7 (very much). Ratings 396 were collected for the probes presented alone, as well as for each probe-target 397 combination. This allowed us to remove any non-emotional pairings. 
402
Procedure 403
The experiment was run using E-Prime v1.1 (Schneider, 2002) . Before the 404 beginning of each block, patients received verbal and written instructions about the nature 405 of the task, while healthy controls received written instructions only. On any given trial, a 406 probe word was presented for two seconds (alongside an image of a facial expression in 407 the cue and miscue conditions), then the target and three distracters appeared in written 408 format below the probe. These were read aloud by the experimenter to facilitate patients' 409 comprehension. Participants had ten seconds to respond, before the next trial was 410 presented and an error was recorded. As most of the patients had motor impairments at 411 the time of testing, patients gave their response by pointing to one of the options and the 412 experimenter pressed the corresponding key on their behalf. All participants had ten 413 seconds to respond before the next trial was presented and an error was recorded.
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in each experiment, reducing the impact of variability in the way RT was recorded. 417
Moreover, the experimenter maintained one finger on each of the four possible keys to 418 minimize the time between the patients' decision and the actual keypress. 419
Two practice items were presented before the start of each block. A total of 258 420 trials were arranged in 6 blocks of 43 trials each, with each probe used once per block. 421
Block order was counterbalanced across participants, and trial order was randomized to 422 control for possible effects of the order of presentation. Within a session, both meanings 423 of the probe word were primed. Cue type was counterbalanced, such that a roughly equal 424 number of cue/miscue/no cue trials appeared in each block. At the end of the experiment, 425 control participants rated the stimuli for how emotive they were (see Materials section). 426
The responses to seven ambiguous words were removed from the main analysis, 427 due to consistently poor performance on those trials in the control participants. We 428 
Statistical analyses 435
At the group level, accuracy and response efficiency (median RT/mean accuracy) 436 data were analyzed separately using three-way mixed ANOVAs, with cue condition (3 437 levels: cue, miscue, no cue) and dominance (2 levels: dominant, subordinate) as within-438 subjects factors, and group (2 levels: controls, patients) as a between-subjects factor. 
Procedure 473
At the beginning of each trial, an ambiguous word appeared in the middle of the 474 screen. Participants were instructed to press the spacebar to hear the cue sound, which 475 could be either emotionally congruent or incongruent with the relevant interpretation of 476 the ambiguous word. At the offset of the sound, the four options were presented below 477 the probe. As before, the task was to select the word that was semantically related to the 478 probe, while discarding the three distracters. There were four blocks, containing 172 479 trials. As the word stimuli were identical to those in Experiment 1, data for the no cue 480 condition were taken from this experiment. Ambiguous words with an average of < 50% 481 accuracy for controls across cue, no cue and miscue conditions were removed from the 482 analysis, bringing the number of ambiguous words in each of the 4 conditions to 36. 483 484
Results 485
Mean accuracy and median response efficiency are displayed in Figure 4 . 486 ANOVA values are reported in Table 1 . There were significant main effects of group and 487 ambiguity in both accuracy and response efficiency, while the effect of cue condition 488 approached significance (p = .057) in response efficiency. There were two-way 489 interactions between group and dominance, and cue type by dominance (this last one 490 being significant only in response efficiency). The interaction between group and cue 491 approached significance in the accuracy data (p = .058). Performance was poorer when 492 the task required participants to retrieve the subordinate meaning of the ambiguous word. 
Materials 507
Here, the cue consisted of a visuo-spatial context, rather than an emotional one. 508
Stimuli were photographs of scenes ( Figure 5 ) linked to either the relevant meaning (cue 509 condition) or an alternative interpretation (miscue condition) of an ambiguous word. For 510 example, the cue for BAT-team could be a picture of a baseball field, whilst BAT-night 511 could be an image of a cave. Forty-five ambiguous words were used, of which fifteen 512 were also presented in Experiment 1 and 2. Of the remaining, twenty-seven were taken 513 from Elston-Guttler and colleagues (2005) 
Procedure 527
The procedure followed Experiment 1 and 2. A visuo-spatial scene was presented 528 simultaneously with the ambiguous probe for two seconds. At the end of this period, four 529 options appeared below. The participants' task was again to select the semantically 530 associated word while discarding the distracters. Trials in which controls had poor 531 accuracy were removed, as in Experiment 1 and 2. Of the original 45 ambiguous words 532 presented in each condition, 36 were carried forward into the analyses. 533 M A N U S C R I P T
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Results 535
Mean accuracy and median response efficiency are displayed in Figure 6 . 536 ANOVA values are reported in Table 4 . We found a three-way interaction between 537 group, dominance, and cue type. Separate ANOVAs were conducted for accuracy and 538 response efficiency in the patients and in the control group. We found a significant 539 interaction between cue condition and dominance in the patient group, in both accuracy 540 (F (2, 18) = 8.9, p = .002) and median response efficiency (F (2, 18) = 4, p = .036), but no 541 interaction in the control group. Bonferroni-corrected comparisons of accuracy in the 542 patient group revealed more errors for miscues compared to both cues (t (8) = -9.1, p < 543
.001) and the no cue condition (t (8) = -8.9, p < .001) for the dominant interpretation. 544
When the subordinate meaning was required, the provision of a cue significantly 545 improved accuracy relative to the miscue (t (8) Table 4 . Accuracy and response efficiency effects revealed by three-way mixed ANOVAs of the data for Experiments 1, 2, and 3. Significant results and interactions are reported in bold and marked with *. A Greenhouse-Geisser correction was applied where the assumption of sphericity was not met.
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Discussion 557
This study explored the effect of multi-modal cues on conceptual tasks in SA 558 patients with deregulated retrieval following left-hemisphere stroke. Across three 559 experiments we presented emotional facial expressions (Experiment 1), emotional 560 prosody (Experiment 2) and visuo-spatial contexts (Experiment 3), which were designed 561 to cue or miscue the currently-relevant or irrelevant interpretations of ambiguous words. 562 SA patients were highly sensitive to these cues, showing better performance when 563 external information was consistent with semantic knowledge to be retrieved, and poorer 564 performance when the cue was misleading. Both emotional and visuo-spatial cues were 565 effective. 566
Previous studies by our group have shown that patients with SA are highly 567 influenced by semantic ambiguity, with poorer performance when the task requires the 568 less dominant interpretation of the word (Noonan et al., 2010) . Across all three 569 experiments we replicated this effect of ambiguity in an independent sample. In line with 570 previous findings of cueing and miscuing effects, performance was modulated in both 571 positive and negative directions by the provision of information that was relevant or 572 irrelevant to the task. However, we used emotional and spatial cues, which have not been 573 previously investigated. Since heteromodal concepts are thought to draw on a wide range 574 of features, we expected different kinds of cues to be equally effective in patients with 575 SA. Perhaps not surprisingly, the strongest effect of cueing was observed in Experiment 576 3. Visuo-spatial contexts are likely to provide a highly concrete and vivid interpretation 577 of the word, constraining semantic retrieval to a large extent. Emotional cues also 578 influenced performance, at least when presented using facial expressions (Experiment 1). 579
On the other hand, the effect of cueing in the emotional prosody task (Experiment 2) only 580 approached significance. Facial expressions might be stronger cues to emotion than 581 prosody. Nevertheless, given the known right-hemisphere dominance for emotional 582 processing (as reviewed by Gainotti, 2019), we expected our left-hemisphere stroke 583 patients to be able to extract the valence of the emotional stimuli, regardless of the The graded hub account predicts that these inputs to ventral ATL can be potent 609 cues or miscues, depending on whether they are consistent or inconsistent with current 610 task demands. Consequently, cues that increase the accessibility of task-relevant features 611 reduce semantic control demands, while miscues that increase the accessibility of task-612 irrelevant features increase semantic control demands. Here we provide further evidence 613 and Luria in their seminal characterizations of the syndrome (Head, 1926; Luria, 1973) . 635
In our sample, neuropsychological tests show that 9/10 patients have some degree of 636 executive impairment, mirroring the initial results of Jefferies and Lambon Ralph (2006) 637 who studied an independent sample of SA cases. Given these considerations, we cannot 638 conclude that increased sensitivity to cues in semantic tasks specifically reflect semantic 639 control deficits in SA -this pattern may also reflect the influence of domain-general 640 executive deficits. 641
The observation that semantic aphasia patients are sensitive to emotional and 642 spatial cues is relevant to clinical practice and patient management. Showing that 643 semantic retrieval can be influenced by emotions and spatial contexts in a semantic task 644 might provide an explanation for why patients with SA appear to function well in 645 everyday contexts. Real-world situations are generally very rich and characterized byM A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 29 coherent with the message being communicated. Moreover, our findings suggest that 648 patients will be vulnerable to being misled by emotional expressions and spatial context 649 when these are not consistent with the information required in a certain situation. For 650 example, they might be more likely to be confused when sad news is conveyed with a 651 smile, or when a familiar object has to be used in a novel spatial context. Being aware 652 that patients rely on contextual cues but can also be misled by them has important 653 implications for patients, their families and therapists, since the context in which 654 semantic retrieval occurs can be controlled to afford good understanding. A final 655 consideration is that real-world situations are much richer than any experimental tasks 656 designed to investigate semantic retrieval. Further research is required to investigate the 657 potential additive effects of cues, as well as the efficacy of more ecological cues, closer 658 to every-day situations. 
